Theoretical spectra for the magneto-optical Kerr effect have been obtained for the Heusler-related alloys AuMnSb and AuMnSn, and repeated calculations are performed for the isostructural PtMnSb phase. Using experimental lattice constants, our calculations predict a Kerr rotation exceeding Ϫ1°i n the 0.5-0.8 eV region for AuMnSb and a somewhat smaller rotation for AuMnSn. Supercell calculations indicate that half-metallic behavior can be induced on hole/electron doping in the AuMnSn 1Ϫx Sb x solid-solution phase for 0.50ϽxϽ0.75.
where xx and xy are the diagonal and off-diagonal component of the optical conductivity, respectively. The sign convention is chosen so that K is positive for a clockwise rotation of the polarization ellipse, as viewed from the direction of the incoming beam. The sign, which is directly related to the magnetization direction, is important for applications, since small magnetic domains can be read optically and interpreted as binary numbers.
One of the Heusler-related phases, PtMnSb, is regarded as a potential MO recording material and is studied extensively both experimentally 1-5 and theoretically. [6] [7] [8] [9] The exceptionally large ͑for 3d phases͒ Kerr rotation angle of PtMnSb is around Ϫ2°at 1.7 eV and room temperature ͑almost Ϫ5°at 80 K͒.
3,4,10 PtMnSb has been classified as a half-metallic ferromagnetic ͑HMF͒ material, 6 viz. metallic behavior for the majority-spin channel and a semiconductorlike gap at the Fermi level (E F ) for the minority-spin channel. In such materials, the conduction electrons should theoretically be 100% spin polarized at E F . Highly spinpolarized materials, like the HMFs, are incorporated in magnetic multilayers, so-called spin valves. Due to the spin dependent scattering of electrons the spin valves exhibit giant magnetoresistance and are used in magnetic recording technology.
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To ease the continuing search for good MO materials a set of guide lines has been set forward. ͑i͒ One of the constituting elements should have a large magnetic moment ͑e.g., Cr, Mn, or Fe͒. ͑ii͒ Another constituting element should be heavy ͑e.g., Pt, Au, or Bi͒ in order to exhibit large spinorbit ͑SO͒ coupling. ͑iii͒ There should be a strong hybridization between orbitals of the elements of type i and ii. 12 Through the hybridization the SO-split bands become spin polarized, giving rise to MO-active transitions. PtMnSb clearly fulfills these criteria. Suitable MO materials must also meet several other requirements, e.g., have sufficiently large reflectivity, Curie temperature (T C ) appropriate for thermomagnetic writing, and magnetic anisotropy favoring an orientation of the magnetization direction perpendicular to the MO disk plane. Cubic PtMnSb lacks magnetic anisotropy, but this phase still remains attractive as a possible soft ferromagnetic material in multilayer structures. 13 This report primarily concerns the calculated Kerr rotation spectra for AuMnSb and AuMnSn including both interand intraband contributions, but in order to facilitate comparison with earlier studies calculations have also been repeated for PtMnSb.
The crystal structure of these Heusler-related alloys are of the cubic AlLiSi-type; space group F4 3m with T in 4c, Mn in 4b, and X in 4a.
14 Compared with the Cu 2 MnAl-type structure of the proper Heusler alloys, one of the four interpenetrating fcc lattices of the latter type is empty in the Heusler-related variant. An effect of this unoccupied site is to reduce the degree of overlap between the wave functions, and subsequently giving rise to narrower bands, enhanced moments, and appearance of gaps in the density of states ͑DOS͒. 15 The Heusler-related-type structure easily allows for structural disorder, either by the occurrence of vacancies, interchange of atoms or partial addition of atoms to the 4d site. The phases subject to this study have narrow composition ranges at 400°C, apparently excluding the exact 1:1:1 composition. 16 present study and magnetic moments for the phases under consideration are listed in Table I . The electronic structure calculations are performed within the framework of the generalized gradient corrected fully relativistic full-potential density-functional theory. The full potential linear muffin-tin orbital ͑FPLMTO͒ calculations 18 are all-electron, and no shape approximation to the charge density or the potential has been used. Spin-orbit terms are included directly in the Hamiltonian matrix elements for the part inside the muffin-tin spheres. The direction of the moment was chosen perpendicular to the basal plane ͑viz. along ͓001͔͒. The self consistency was obtained with 440 irreducible k points in the whole Brillouin zone and 1468 k points for the optical as well as MO calculations. The plasma frequency ( P ) used for the estimation of intraband contributions to the optical conductivity has been derived by the full potential linearized augmented plane wave method ͑FLAPW͒ using the WIEN97 code. 19 We have used well converged basis sets. More details about the computations will be given elsewhere. 20 Calculated P values are given in Table I . The damping parameters used in the calculations of the intraband contribution for PtMnSb were chosen by fitting to the experimental curves and the thus derived parameter values were used in the calculations for AuMnSb and AuMnSn.
In agreement with earlier investigations 9 our tightbinding linear muffin-tin orbital calculations show full halfmetallic behavior for PtMnSb, whereas the more accurate full-potential methods reveal finite ͑but very small͒ DOS values in the band-gap region for both spin channels. The FPLMTO calculated total DOSs for PtMnSb, AuMnSb, and AuMnSn are depicted in Fig. 1 . The FPLMTO calculated magnetic moments are in good agreement with experimental values ͑Table I͒, and the main contribution to the moments comes from the Mn atoms, as expected.
The band structures of the three phases are strikingly similar with deep valleys or pseudogaps, indicating strong hybridization, characteristics of covalent bonding, and poor ductility. 15 For all three phases a gap in DOS appears in the minority-spin direction in the vicinity of the Fermi level, for AuMnSb just below E F and for AuMnSn and PtMnSb just above E F ; for all owing to large exchange splitting from the Mn atoms. The gaps in DOS for AuMnSb and AuMnSn are narrower than in PtMnSb ͑0.27 and 0.24 vs 0.84 eV͒. The band structures for both the gold phases are very similar, and it should accordingly, as a reasonable first approximation, be justified to treat mutual exchange of Sb and Sn atoms within the rigid-band approximation. Since there is a complete solid solubility between AuMnSb and AuMnSn, 17 a range of HMF materials is likely to appear within the AuMnSb 1Ϫx Sn x solid-solution series. Supercell calculations for xϭ0.25, 0.50, and 0.75 suggest a range of possible HMF materials for 0.50ϽxϽ0.75 ͑rigid-band considerations give a slightly wider range͒.
The calculated Kerr rotation profile for PtMnSb is shown in Fig. 2 , together with earlier calculated 7-9 and experimental 2-5 spectra. On considering experimental Kerr rotation spectra it should be remembered that sampledependent effects may significantly influence the spectral features. Peak positions appears to be rather sensitive to composition parameters ͑stoichiometry, homogeneity, impurities, etc.͒, 21 whereas the magnitude of the peaks depends on the sample preparation, in particular the annealing. 4 Surface effects may in certain cases play a major role.
The calculated spectra for PtMnSb ͑Fig. 2͒ reproduce the magnitude and shape of the experimental curves rather well, but the calculated profiles are shifted relative to the experimental profiles. This may be due to the choice of an idealized 1:1:1 composition for the calculations. Peak positions are also sensitive to P , which in turn is directly related to the number of electrons at E F . This implies that impurities ͑which are indirectly related to P ) may have a major effect on the peak positions in experimental spectra. It should be noted that a free-electron-like approach has been used to estimate the intraband contributions ͑at 0 K͒ and broadening to account for temperature effects, and this may also cause distinctions between the theoretical and experimental spectra. Moreover, the usual density-functional-theory approach does not take into account correlation effects properly, and this may also give rise to shifts in calculated peak positions. 22 The Kerr rotation and ellipticity spectra of AuMnSb and AuMnSn are given in Fig. 3 . The shape of the Kerr rotation spectrum for AuMnSb resembles that of PtMnSb with one dominant peak, while the AuMnSn spectrum exhibits two, but less prominent peaks. The predicted Kerr rotation is around Ϫ1.2°at 0.6 eV for AuMnSb and around Ϫ0.7°and Ϫ0.3°at 1.2 and 2.4 eV, respectively, for AuMnSn. The calculated maximum Kerr rotation for AuMnSb is about twice as large as for pure Co and Fe. 23 24 The T C of AuMnSb ͑see Table I͒ is far too low for thermomagnetic writing, but T C changes smoothly with x in AuMnSn 1Ϫx Sb x 17 ͑for AuMnSn above its upper stability limit of 740 K͒ and should be optimal for such a purpose at certain values of x. However, the lacking anisotropy for these cubic phases still remains as a challenge. It should be emphasized that the debate on as to what extent the half-metallic behavior of PtMnSb directly or indirectly is responsible for its unique MO properties is not yet concluded. 9 It would therefore be of considerable interest to explore the MO properties of thin films of AuMnSn 1Ϫx Sb x to verify if the phase actually passes from a normal ferromagnetic metal to an HMF and back to a normal ferromagnet again as function of x.
In order to get insight into the origin of the peaks in the Kerr rotation spectra the separate contributions from the diagonal and off-diagonal parts of the optical conductivity tensor has been derived as Re(Ϫ xy ) and Re(D) Ϫ1 ͕Dϵ xx ͓1ϩ(4i/) xx ͔ 1/2 ͖; see Eq. ͑1͒. Diagonal as well as off-diagonal elements contribute to these peaks for PtMnSb and AuMnSb. The large calculated K for PtMnSb at 1.17 eV appears because the maximum in the offdiagonal tensor element coincides with a peak in Re(D)
Ϫ1 at this energy. The less prominent Kerr rotation peak for AuMnSb is caused by a slight relative displacement of the maxima in absolute values for Re(Ϫ xy ) and Re(D)
Ϫ1 around K . The relative contributions to K for AuMnSn ͑with two, less pronounced peaks; Fig. 3͒ is less obvious.
To summarize, the prediction of a maximum Kerr rotation for AuMnSb and AuMnSn of some Ϫ1°makes these phases and, in particular, the solid solution between them, interesting for MO recording applications.
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